Abstract. The aim of this study was to retrospectively evaluate the effect of adding CPT-11 to postoperative chemotherapy for stage III colorectal cancer. The subjects were 94 patients, including 60 in stage IIIa (≤3 positive nodes) and 34 in stage IIIb (≥4 positive nodes), who underwent curative resection. The clinical outcome was compared between patients receiving 5-FU/LV plus CPT-11 (FLC group) and patients receiving 5-FU/LV alone (FL group). The FLC group (54 patients) had a 3-year relapse-free survival (3Y-RFS) of 68.7%, a 5Y-RFS of 68.7% and a 5Y-OS of 67.1%, while the FL group (40 patients) had a 3Y-RFS of 67.5% (n.s.), a 5Y-RFS of 64.9% (n.s.), and a 5Y-OS of 77.3% (n.s.). There were no significant differences of these parameters between the two groups. For stage IIIa patients, the corresponding survival rates were 92.4, 92.4 and 90.9% in the FLC group (29 patients) vs. 64.5% (p=0.024), 61.1% (p=0.018), and 77.1% (n.s.) in the FL group (31 patients). For stage IIIb patients, the rates were 36.6, 36.6 and 24.8% in the FLC group (25 patients) vs. 77.8% (n.s.), 77.8% (n.s.), and 77.8% (n.s.) in the FL group (9 patients). These results suggest that the 3Y-RFS and 5Y-RFS of patients with stage IIIa colorectal cancer were significantly improved by adjuvant chemotherapy with 5-FU/LV plus CPT-11.
Introduction
In Japan, the prognosis of colorectal cancer has recently shown a marked improvement with the development of adjuvant therapies such as chemotherapy and radiotherapy, as well as better surgical treatment. A 5-year survival rate of approximately 80-85% (colon: 84.5±2.8%; rectum: 79.8±4.0%) has been reported for patients with stage II/ Dukes' B cancer, which is not accompanied by any nodal metastasis, after curative resection (1) (2) (3) . In patients with stage III/Dukes' C cancer who have nodal metastases, the 5-year survival rate falls to 60-70% (colon: 74.0±3.5%; rectum: 64.7±4.3%) despite curative resection, so 30-40% of these patients have distant metastasis/recurrence that life threatens their survival (1) (2) (3) . According to the TNM classification, patients with lymph node involvement are further classified into two groups according to the number of metastases: N1 (≤3 positive nodes)/stage IIIA or IIIB, and N2 (≥4 positive nodes)/stage IIIC (this status is unrelated to the T category) (4) . The Japanese 'General Rules for Clinical and Pathological Studies on Cancer of the Colon, Rectum, and Anus' were revised in 2007 (7th edition) to classify patients as follows: stage IIIa/N1 (≤3 positive nodes), or stage IIIb/N2 (≥4 positive nodes = TNM stage IIIC) (5) . Breast cancer is generally accompanied by lymph node involvement, and thus is considered to be a systemic disease. Its subclassification is also performed according to the number of nodal metastases. Thus, the number of lymph node metastases is an important factor that determines the prognosis of various cancers (6) (7) (8) .
Fatal hematogenous distant metastasis/recurrence in the liver or lungs of patients with stage II/III colorectal cancer may occur after curative resection if cancer cells that circulate in the blood during the perioperative period escape the host's immunological defenses and find a favorable microenvironment in the liver or lungs that allows subsequent proliferation (9) . Accordingly, the importance of postoperative adjuvant chemotherapy presumably lies in achieving the eradication of residual free cancer cells, which circulate around the body in the perioperative period (10) (11) (12) (10) (11) (12) . Although the dosage and administration regimen also have an important influence on the activity of drugs, the most important factor is tumor sensitivity and the activity of any additional drugs. In this context, multidrug combination therapy using CPT-11 and L-OHP (e.g., IFL, FOLFIRI or FOLFOX), which is more commonly employed in Europe and the United States than in Japan, has been reported to be more effective than 5-FU/LV therapy (13) (14) (15) (16) . In Japan, however, no studies have been done concerning the efficacy of postoperative adjuvant chemotherapy with 5-FU/LV plus CPT-11 compared with the standard regimen of 5-FU/LV in patients with node-positive stage III colorectal cancer classified according to the number of metastases as in the TNM classification who have undergone curative resection. Accordingly, the objective of the present study was to evaluate the efficacy of adding CPT-11 to adjuvant chemotherapy for stage III colorectal cancer by comparing 5-FU/LV + CPT-11 with 5-FU/LV in patients stratified by the number of positive nodes.
Patients and methods
Among patients with primary colorectal cancer undergoing curative resection during the period of approximately nine years from January 2000 to December 2008, 112 fulfilled the following conditions: i) an age of 75 years or younger, ii) a performance status of 0 or 1, iii) complete medical records that made it possible to determine the presence or absence of tumor recurrence/metastasis and the survival status, iv) data about the number of lymph node metastases and v) pathological stage III. Of these 112 patients, 94 who received five to six courses of treatment after surgery were entered into this study. The FL group (n=40) received the modified Machover regimen [5-FU (350 mg/m 2 ) + LV (150 mg/m 2 ) on 5 consecutive days every month x 5-6 courses], which involved high-dose 5-FU plus high-dose LV for 5 consecutive days monthly, followed by oral UFT (400 mg/m 2 ) plus PSK (3.0 g) on 5 consecutive days weekly for at least 6 months ( Fig. 1 ) (17) (18) (19) . The FLC group (n=54) received the modified Machover regimen plus intravenous CPT-11 [(60 mg/m 2 ) on days 1 and 15 every month x 5-6 courses], followed by the same oral UFT plus PSK therapy for 6 months or more as the FL group ( Fig. 1) (17, 19, 20) .
Patient eligibility was determined as follows. The medical records of Stage III patients were reviewed and those who had received 5-6 complete courses of parenteral treatment after surgery were entered into the study. The total number of chemotherapy courses and the mean number of courses were calculated. To assess oral treatment compliance, the medical records were checked and the results of a questionnaire on compliance were reviewed. Patients in whom treatment was suspended for less than one month and who were ascertained to have shown compliance for 6 months or more were also eligible as subjects (18, 19) . To detect metastasis/recurrence, patients were examined every three months from 3 months after surgery and clinical relapse was considered to have occurred when US or CT scanning revealed a metastatic lesion. The subjects were classified into three categories, nodes). The FLC and FL groups were compared by calculation of the 3-year relapse-free survival rate (3Y-RFS), 5-year relapse-free survival rate (5Y-RFS), and 5-year overall survival rate (5Y-OS).
Statistical analysis. To calculate the 3-year relapse-free survival rate, 5-year relapse-free survival rate and 5-year overall survival rate, the Kaplan-Meier method was used, and the log-rank test was employed for comparisons between groups. A P<0.05 was considered to indicate a significant difference. All analyses were done with SPSS 16.0 J software (SPSS Japan, Inc., Tokyo, Japan).
Results
The 54 patients in the FLC group received a total of 315 courses of treatment (a mean of 5.8 courses per patient), whereas the 40 patients in the FL group received a total 235 courses (a mean of 5.9 courses per patient). When all stage III patients (IIIa+IIIb) were combined, the FLC group had a 3Y-RFS of 68.7% (Fig. 2) , a 5Y-RFS of 68.7% (Fig. 3) , and a 5Y-OS of 67.1% (Fig. 4) , whereas the FL group had a 3Y-RFS of 67.5% (p=0.926) (Fig. 2) , a 5Y-RFS of 64.9% (p=0.843) (Fig. 3) , and a 5Y-OS of 77.3% (p=0.869) (Fig. 4 ). There were no significant differences of any parameters between the two groups. Among the 60 stage IIIa patients, the FLC group (29 patients) showed a 3Y-RFS of 92.4% (Fig. 5) , a 5Y-RFS of 92.4% (Fig. 6) , and a 5Y-OS of 90.9% (Fig. 7) , while the corresponding values for the FL group (31 patients) were 64.5% (p=0.024) (Fig. 5) , 61.1% (p=0.018) (Fig. 6) , and 77.1% (p=0.171) (Fig. 7) . The corresponding values for the 34 stage IIIb patients were 36.6% (Fig. 8) , 36.6% (Fig. 9) , and 24.8% (Fig. 10) in the FLC group (25 patients) vs. 77.8% (p=0.119) (Fig. 8) , 77.8% (p=0.119) (Fig. 9) , and 77.8% (p=0.124) (Fig. 10) in the FL group (9 patients).
Discussion
The Japanese treatment guidelines recommend intravenous administration of 5-FU and LV as first-line postoperative adjuvant therapy for patients with stage III colorectal cancer, but the dosage and administration details are not specified (2, 3) . With regard to 5-FU/LV therapy, the RPMI regimen (5-FU bolus weekly in combination with a 2-h infusion of LV every 6 weeks followed by a 2-week rest every 8 weeks x 3 courses over 24 weeks) is widely used in Japan (21) . This American regimen has contributed considerably to improvement of QOL because of less frequent outpatient visits than with other regimens. From the viewpoint of the pharmacokinetics of 5-FU, however, it has been pointed out that inhibition of RNA synthesis is achieved due to rapid saturation of the blood level, but it is difficult to induce DNA synthesis inhibition due to variations of the cell cycle (22) (23) (24) (25) . In fact, 24-h continuous infusion of 5-FU is ideal for achieving maximum inhibition of DNA synthesis, which is the basis of anticancer drug treatment. Other methods (e.g., the de Gramont regimen) cause frequent adverse events such as the hand-foot syndrome or mucositis/oral ulceration, and are based on inpatient treatment that interferes with patient QOL (26) . Therefore, we have recommended 5-FU/LV based on Machover's European regimen (5-FU/LV for five consecutive days weekly every month) as an outpatient treatment that achieves comparatively long exposure to 5-FU (17) (18) (19) . According to some reports, addition of CPT-11 or L-OHP to 5-FU/LV therapy has nearly equivalent of anticancer drug sensitivity. In the first-line setting following curative resection, CPT-11 is a more reasonable choice than L-OHP because of a low incidence of neurological adverse events such as neuropathy and paresthesia and because it is less costly (11, 12, 20) . It would seem advisable to retain L-OHP as a second-line treatment for distant metastasis/recurrence. Based on these considerations, we have used FLC as our standard method of postoperative adjuvant chemotherapy.
The results of the present study showed that the total number of drop-outs or patients receiving ≤4 courses of treatment was small with both regimens (6 in the FLC group and 3 in the FL group). This is chiefly because the dosage of CPT-11 was set at 60 mg/m 2 , which is lower than the recommended dose of 100 mg/m 2 for Europeans and Americans, in order to reduce early drop-outs due to bone marrow suppression, diarrhea, or other gastrointestinal adverse reactions. Even with this regimen, however, the cumulative dosage exceeds 1,200 mg if a total of six courses are completed. With this regimen there were no serious adverse events (e.g., leucopenia or anemia) of grade 3 or 4 and the reported events were all grade 1 or 2, including mild leucopenia (approximately 42%), nausea/vomiting (approximately 50%), and neuropathy (abnormal sense of smell in approximately 25%) (20) . The FLC regimen allows long-term treatment at moderate doses and is less likely to raise the problem of drop-outs due to adverse events. However, it still blocks DNA synthesis and achieves marked improvement of relapse-free survival in patients with stage IIIa cancer. This finding indicates that the FLC regimen is an optimal modified version of the European and American regimens prepared in consideration of the safe dosage and schedule for Japanese patients with a relatively small body habitus. In the future, it may be worthwhile to suggest options for individual patients with respect to the treatment schedule based on lifestyle and QOL considerations, such as the European regimen (5 consecutive days for 1 week every month x 6 courses) or the American regimen (weekly for 6 weeks every 24 weeks).
The results of the present study did not show any additive effect of CPT-11 on tumor control with respect to 3Y-RFS, 5Y-RFS, or 5Y-OS in the overall analysis. Among stage IIIa patients, however, the FLC group had significantly better results than the FL group with respect to 3Y-RFS and 5Y-RFS. With regard to the analysis of 5Y-OS, it is very difficult to standardize institutional criteria for resection/non-resection of distant metastasis/recurrence in the liver, lungs, and other organs. In addition, post-recurrence second-line or subsequent therapy, including hepatic arterial infusion, radiofrequency ablation (RFA), and XRT, has not been standardized. This suggests that, under the present circumstances, 3Y-RFS and 5Y-RFS evaluate the control of early recurrence, better than 5Y-OS when assessing approximately 6 months of first-line adjuvant chemotherapy early in the postoperative course, although 5Y-OS is suitable for comparison among institutions (18) (19) (20) . Colorectal cancer recurs in 60-70% of patients within approximately 2 years after surgery and in over 80% within approximately 3 years (2, 3) . This suggests that 3Y-RFS is more useful than 5Y-RFS for evaluation of the effect of adjuvant therapy given within approximately 6 months postoperatively. In the present study, 3Y-RFS was equivalent or similar to 5Y-RFS in stage IIIa, stage IIIb, and overall stage III, suggesting that therapeutic efficacy can be accurately reflected by early analysis after a shorter follow-up period.
There have been many reports on the close relationship between the detection of cytokeratin positive occult neoplastic cells (ONCs) freely floating in the sinuses of lymph node distant from the primary tumor and the metastasis/ recurrence of cancer (9) (10) (11) (12) . ONCs are malignant cells that can be easily detected by immunostaining when trapped in the lymph node sinuses (9,10). These cells are observed in more than 80% of patients with recurrent stage II/III cancer, and ONC clusters about 0.2 mm in diameter (≤10 ONCs) or malignant micro-aggregates (>10 ONCs) are also found in patients with stage III cancer and nodal metastases. ONC clusters have been reported to differ from isolated tumor cells (≤0.2 mm) or micrometastases (0.2 mm <MM ≤2 mm) anchored in the lymph nodes and may be higher-grade occult systemic metastases than such isolated tumor cells or micrometastases (11, 12) . The most important task of postoperative adjuvant chemotherapy may be the eradication of such circulating clusters and micro-aggregates of cancer cells, which appear in the perioperative period (10) (11) (12) . To achieve a true survival benefit, improvement of the survival rate after recurrence has been reported to be of the utmost importance (27, 28) . The selection of an appropriate regimen for the perioperative period is required at the time before distant metastasis/recurrence has occurred, especially in patients with a high risk of distant metastasis/recurrence due to the presence of ONC clusters or micro-aggregates (18) (19) (20) . In order to avoid the use of chemotherapy that is too weak, it is desirable for adjuvant therapy to include the standard drug (5-FU) plus other active drugs. According to the results of the present study, stage IIIb (TNM stage IIIC) patients in the FL group showed more satisfactory results in all analyses than patients in the FLC group, although there were no significant differences between the two groups. Further studies are needed to ascertain whether stage IIIb patients with advanced cancer should receive tumor dormancy therapy and/or best supportive care that attaches greater importance to QOL rather than powerful postoperative chemotherapy (29, 30) . A detailed evaluation of the control of tumor proliferation needs to be done in a larger number of stage IIIb patients.
